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Abstract— The region of Santarém, in the state of Pará, 
was chosen to carry out this research because it is at the 
center of discussions of mercury contamination in the 
Amazon. The objective of this paper is the analysis of Hg 
and Methyl-Hg speciation in soil. The methodological 
procedures to determine the total mercury and methylHg 
were carried out by means of samples, which were 
submitted to acid digestion and determinations of Hg 
performed by Atomic Absorption Spectrophotometry with 
cold vapor generation. The evaluation of the 
concentrations of mercury in the sampled and depth 
points was performed with the aid of cluster analysis, 
using the Hierarchical clustering method. The results 
obtained indicate that the total mercury in soil showed 
very high values in the analysis of total mercury with 
granulometry for fine fraction and gross fraction, 
indicating an urgent mobilization and political action in 
the municipal, state and federal spheres regarding the 
exposure of the environment environment to the mercury 
detected. 
Keywords— Atomic Absorption, Granulometry, 
Environment. 
 
I. INTRODUCTION 
Mazonia is the region par excellence in the process of 
human environmental exposure, due to its geography and 
the presence of a vast hydrographic network. The 
monitoring and evaluation of the mercurial dynamics in 
the region and its consequences for local population, 
regional and global ecosystems are of great importance to 
suggest public policies and mitigate possible damages to 
health and the environment. An extensive literature deals 
with the possible effects of inorganic or methylated 
mercury on the local populations of the Tapajós region. 
The Amazonian populations, mainly riparian and 
indigenous, are potentially exposed to low concentrations 
of total mercury throughout their lives (PINHEIRO et al., 
2007), and most studies show a positive relationship 
between fish consumption and high levels of Hg in hair 
(SANTOS et al., 1999; PASSOS et al., 2007). 
The highest concentrations (> 500 ppb) were found in 
carnivorous species, such as Plagioscion squamosissimus 
(white hake), Pseudoplatystoma spp. (surubim), 
Brachyplatystoma filamentosum (cub), B. fravicans 
(golden) and Cichlids Cichla spp. (TUCUNARÉ), among 
other carnivores (PINHEIRO et al., 2007), widely 
ingested and marketed by local communities. In this way, 
the commitment of the local fish will greatly affect the 
economic and environmental dynamics of these 
populations, especially the export trade that is controlled 
by the National Sanitary Surveillance Agency (ANVISA, 
1998). Some of these studies refer to the effects on the 
cardiovascular system in these Amazonian populations 
and show that, for example, systolic and diastolic 
pressures are relatively low, however, there is evidence 
that this increases with age, and is related with high 
concentrations of total Hg in a population with minimal 
risk factors for hypertension and high environmental 
concentrations of Hg (FILLION et al., 2006). 
On the other hand, studies on age-related cataract (ARG) 
conducted in the lower Tapajós River (CARUSO 
PROJECT, 2010) indicated that one third (n = 69; 32.7%) 
of the participants presented ARG, and presented 
individuals from this population with high levels of Hg, 
the cataratogenic effects of Hg can be reduced by the 
ingestion of selenium (Se) in their diets (LEMIRE et al., 
2010). MeHg is primarily a neurotoxic agent, but its 
action could be antagonized by nutritional factors such as 
the ingestion of antioxidant vitamins present in 
Amazonian fruits (PASSOS et al., 2007), amino acids 
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(glycine, methionine, cysteine) (FARINA et al. , 
LEMIRE et al., 2006), and minerals such as selenium 
(PINHEIRO et al., 2007). 
The greater or lesser impact of high concentrations of 
total Hg in foods ingested by local populations and the 
ongoing study of neural diseases underscores the 
importance of implementing and maintaining public 
health programs for local people, especially riverine and 
indigenous peoples. As the inhabitants perceive this 
problem and how it will be the relation with the chronic 
mercurial disease, fact to be considered, is the other issue 
of the study here in focus from the application of IQ-
MCS. 
Thus, in this article, we seek to identify and analyze the 
speciation of Hg and Methyl-Hg in soil and particulate 
matter at the mouth of the Tapajós River, and the possible 
impacts on the health of the surrounding populations and 
the perception, mobilization capacity and political action 
on the contamination by this metal in the population of 
Santarém. This analysis will be carried out through the 
application of Integrated Questionnaires to Measure the 
Social Capital Index - QI-MCS, proposed by the World 
Bank, in 2003. 
 
II. MATERIALS AND METHODS 
The municipality of Santarém is located in the region of 
the mouth of the Tapajós river, confluence with the 
Amazon river, mesoregion of the Lower Amazon and the 
microregion Santarém, in the western portion of the state, 
with coordinates 02º 25 '30 "S and 54° 42' 50" WG 
(Figure 1). According to IBGE (2015), the municipality 
has a population of  294,580 habitants, an area of 22,887 
km2 and a population density of 12.8 hab./km².. 
 
Fig. 1: Location map of the Tapajós and Santarém river 
basin. 
The urban area of Santarém was chosen because it is the 
municipality directly associated to the contamination by 
this metal; the others were, the Village of Alter do Chão 
functions as an important tourist pole, in the state and 
national scenario and, therefore, an area directly impacted 
with possible dissemination of environmental 
contamination by Hg; The community of Arapixuna, 
located in the homonym hole, has its protein base in fish 
consumption, besides receiving seasonal influences from 
the waters of the Amazonas and Tapajós rivers; and 
communities along the Everaldo Martins Highway 
(Santarém-Alter-do-Chão), an area known as the Eixo 
Forte 
For the soil sampling, the 6 points were selected, with a 
stratigraphic profile having 60 cm each, subdivided into  
fractions of 0-10, 10-20, 20-30, 30-40 and 40-60 cm, 
totaling 30 samples, for Fraction Grosso and 30 for Fine 
Fraction and collected during the dry season of the 
Amazon region (September and October). Samples of 
water and particulate material were collected at the six 
sampled sites. 
At the end, statistical analyzes are performed by clusters 
(AC), which is a multivariate exploratory analysis 
technique that allows to separate or classify objects 
observed in a group or in a specific number of mutually 
exclusive subgroups or clusters of so that the subgroups 
formed have characteristics of great internal similarity 
and great external dissimilarity. 
 
III. RESULTS 
The dendogram of Figure 2 shows the groups formed for 
the localities in relation to the concentration of HgTotal, 
in soil in the Fina Fina at various depths. The method of 
grouping the averages (Average) presented better results, 
that is, the best ability to evidence the data structure, 
indicated by the correlation between the matrix of 
dissimilarity, or matrix of distances between each locality 
and the cofenetic matrix, generated by the dendogram . In 
this case, the correlation was 0.851, which characterizes a 
very good fit. Three homogeneous groups were formed: a 
group formed by the locality Alter-do-Chão (group 1), 
another by the localities Everaldo Martins and Lago Juá 
(group 2), and a third by the localities Lago Caranazal, 
Lake Itapari and Lago Caminho das Pedras (group 3). 
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Fig. 2: Dendogram - HgTotal Fine Fraction. 
 
For the concentration of HgTotal, in soil at the Coarse 
Fraction at various depths, the dendogram (Figure 3) 
showed 4 homogeneous groups: Everaldo Martins (group 
1), Lake Caminho das Pedras (group 2), Itapari Lake 
(group 3) and Alter -do-Chão, Lago Juá and Lago 
Caranazal (group 4). The correlation between the distance 
matrix and the cofenetic matrix was 0.945, which 
indicates an optimal representation of the groups  
 
Fig. 3: Dendogram - HgTotal Thick Fraction. 
 
The analysis of the concentration of MeHg in soil in the 
fine fraction at the various depths generated the 
dendogram (Figure 4). Four homogeneous groups were 
formed: Alter-do-Chão (group 1), Itapari Lake (group 2), 
Lake Caminho das Pedra (group 3) and Lake Juá, 
Everaldo Martins and Lago Caranazal (group 4). The 
correlation between the distance matrix and the cofenetic 
matrix was 0.945. 
 
Fig. 4: Dendogram - MeHg Fine Fraction 
 
Considering the concentrations of MeHg and HgTotal, in 
soil at the Fina Fina at various depths, the dendogram of 
Figure 5 was obtained and the same groups shown in the 
dendogram of Figure 3 were formed, that is, Alter-do-
Chão (group 1), Lake Itapari (group 2), Lake Pedra 
(group 3) and Lake Juá, Everaldo Martins and Lake 
Caranazal (group 4). The correlation between the distance 
matrix and the cofenetic matrix was  0.956. 
 
Fig. 5: Dendogram MeHg and HgTotal Fine Fraction. 
 
The evaluation of the depths in the various localities 
using the concentrations of MeHg and HgTotal in soil in 
the fine fraction generated the dendogram of Figure 6. In 
this case, the groups formed were: 40-60 Hg (group 1), 
10-20 MeHg, 40-60 MeHg, 0-10 MeOH, 20-30 MeHg 
(Group 2), 30-40 MeHg (Group 3) and 0-10 Hg, 10-20 
Hg, 20-30 Hg, 30-40 Hg (Group 4) ). It is observed that 
the concentrations of MeHg and Total Hg were in 
different groups. The correlation between the distance 
matrix and the cofenetic matrix was 0.943. 
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Fig. 5: Dendrogram - MeHg and Total Fine Fraction 
 
Techniques of multivariate statistics such as cluster 
analysis and discriminant analysis were used in 
geochemical studies (Moura, 1985; Oliveira; SHORE;. 
CRUZ et al, 1998) and interrelationships between soil 
characteristics and crop productivity (Correia, 1993) , and 
presented potential for use in the establishment and 
proposition of reference values of metals in soils. Fadigas 
(2006) used clustering analysis to separate polluted areas 
with heavy metal contents found in a given soil, with 
those in natural, ie non-polluted, or reference (standard) 
conditions. On the basis of soil characteristics present in 
each group, we could propose a model to obtain the heavy 
metal concentrations in soil from the correlation with 
other metals, and establish tolerance limit threshold and 
reference group, it was possible to propose a model to 
obtain the concentrations of heavy metals in soil from the 
correlation with other metals, besides establishing a 
tolerance limit and reference limit for the most diverse 
types of Brazilian soil. The groups obtained in soil 
studies, by similarity between the samples, also are 
composed of soils of different pedological classes, since 
soils of different pedological classes can present some 
chemical attributes and of granulometric composition in 
common (EMBRAPA, 2013); thus, samples of an A, B or 
transitional horizon of the same soil or of different soils 
may be present in the same group, provided that the 
concentrations of some of the variables considered in the 
cluster analysis are close. The groups for the analysis of 
the concentration of MeHg, in soil in the fine fraction, in 
the various depths, such as Alter-do-Chão (group 1), Lake 
Itapari (group 2), Lago Pedra (group 3) and Lake Juá, 
Everaldo Martins and Lago Caranazal (group 4). 
Considering the concentrations of MeHg and HgTotal in 
soil in the fine fraction at various depths, the correlation 
index was 95%, with the following grouping: Alter-do-
Chão (group 1), Itapari Lake (group 2), Lago Caminho 
das Pedra (group 3) and Lake Juá, Everaldo Martins and 
Lago Caranazal (group 4). 
Among the groups formed for the evaluation of the depths 
in the concentrations of MeHg and HgTotal, in soil in the 
fine fraction are: 40-60 Hg (group 1), 10-20 MeHg, 40-60 
MeHg, 0-10 MeHg, 20 -30 MeHg (Group 2), 30-40 
MeHg (Group 3) and 0 -10 Hg, 10-20 Hg, 20-30 Hg, 30-
40 Hg (Group 4). The concentrations of MeHg and Total 
Hg were found to be in different groups. In all cases, the 
correlations were significant and the correlated 
environments presented characteristics of landscape, 
environment and geographical proximity very close. 
 
IV. CONCLUSION 
With respect to contamination by Hg, were observed 
mean concentration values of Hg higher in the suspended 
particulate matter than in soil in fine fractions or crude 
fractions. However, most of the mercury in these waters is 
associated with the particulate fraction, indicating that the 
HgTotal in this river was derived predominantly from 
erosion. This particulate material rich in dissolved organic 
matter could be absorbing Hg0 and MeHg and 
distributing these chemical species along the biotic and 
abiotic compartments of the Amazonian ecosystem 
studied here. 
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